Abstract-In this paper, a design for rectangular microstrip patch antenna loaded with metamaterial has been proposed, where mu negative material has been chosen as the metamaterial. It has been shown that the proposed design supports dual band configuration. For the two resonance frequencies, the antenna also supports two different types of radiation pattern. As no etched slot, shorting pins or air gap have been used to increase gain or directivity factor, this design is compact in shape and size as well as simple and easy to manufacture. The proposed antenna design will create new opportunities in the designing and manufacturing of small scaled radiators with enhanced performance, which is of demand for many applications.
I. INTRODUCTION
Microstrip patch antennas are narrow band wide beam planner antenna, which can be mounted on flat surfaces. This type of antenna has achieved huge fame in the field of antenna designing and manufacturing as it is easily printable onto a circuit board. On the other hand, metamaterials are falsely organized media with unusual electromagnetic properties ranging from radio frequency and microwaves as far as possible up to optical frequencies. The study of metamaterial started in 1960 when Vesleago theoretically postulated a material with negative permeability and negative permittivity [1] . Veselago s work came under the lime light in 2000, when Pendry at Imperial College, London suggested a construction of a composite medium in the microwave region, by arranging arrays of small metallic wires and split ring resonators [2] . This medium was able to provide negative permeability and was named as metamaterial. Different aspects of this metamaterial are now elements of study and research all over the world. In 2006, Andrea Alu and Nader Engheta [4] analyzed transverse magnetic wave interaction within a pair of slabs assuming one of the slabs has negative permittivity and positive permeability while the other slab has positive value for both the parameters. They claimed that though wave interaction within each slab by itself has normal features but when paired and juxtaposed with each other under certain conditions, it may show unusual features like resonance, complete tunneling, zero reflection and transparency. They found a satisfactory flow of poynting vector in those media. They also presented the results of their theoretical analysis for guided modes in parallel plate waveguides filled with pairs of parallel layers made of any two of the following materials: (i) ENG (ii) MNG (iii) DPS and (iv) DNG. From their work, it was clear that metamaterials can be used to design thin sub wavelength cavity resonators. Based on this phenomenon Alu et al. [6] presented the primary design of rectangular microstrip patch antenna loaded with metamaterial. Their proposed design exhibited low resonant frequency for a fixed dimension but did not radiate properly for electrically small size. Xiong et al. [8] then provided another design and was able to prove that their proposed design had broad side radiation pattern for T M 020 . Though this design achieved broad side radiation pattern, it failed to reduce its electrical size. Later Mahdy et al. proposed multiple designs for additional modified modes of rectangular patch antenna supporting dual band [10] and triple band [12] configuration. They proposed a design algorithm in [11] which made the designing process easier. Their design was electrically small which had efficient broadside radiation pattern as well. Though miniaturizing rectangular microstrip patch antenna is one of the main reasons behind using metamaterial, further size reduction than the proposed design in [10] seems quite difficult. At least if the simplicity in the design has to be maintained the size can not be reduced more keeping the radiation pattern, reflection coefficient or directivity in the acceptable range. Till date reducing the size of rectangular patch antenna has been the main target. Most of the works related to metamaterial based antenna designing focused on the dominant mode of operation and broadside radiation pattern. For rectangular microstrip patch antenna dominant mode is T M 010 mode. Xiong et al. [8] used second order T M 020 for their design, while Mahdy et al. [10] used modified T M 0δ0 mode where 0 < δ < 2. The reason behind choosing dominant mode for operation is that for this mode, propagation of wave is oscillatory so it has sinusoidal form over a long distance. However for higher modes as wave propagates away from the source it decays slowly. This phenomenon affects the antenna performance. But novel designs for rectangular patch antenna loaded with metamaterial can be designed if the higher modes of operation are taken into consideration. This is because for higher modes the number of wave oscillation in the radiating and non-radiating slots changes, which affects the direction of propagation of waves [13] . For the design proposed in this paper, higher modes have been considered by choosing a longer width than length, while other parameters have been chosen accordingly.
II. PROPOSED DESIGN There are multiple ways of designing a rectangular microstrip patch antenna. The simplest designs consist of a substrate with a definite permittivity and permeability sandwiched between a patch and ground plane. There are different feeding methods for patch antenna, among them co-axial feed is very popular and this method has been used for the proposed design. In co-axial feeding method inner conductor is attached to the patch through the substrate [13] and the outer conductor is normally connected to the ground. The space between the inner conductor and outer conductor is filled with the same material as the substrate. Based on the previous works in [6] , [8] , [10] , [11] , the patch in our proposed design is also stretched over the total substrate. For the proposed design shown in Fig. 1 , the 'Novel Design Algorithm' presented by Mahdy et al. [11] have been used. This algorithm takes into account the dispersion equation for juxtaposed DPS and metamaterial layer specified by Engheta et al. in [4] and [9] . The dispersion equation is as follows
This equation takes into account the total length of the substrate L p , permittivity and permeability of the DPS block and metamaterial and most importantly the propagation constant k 1 and k 2 that involves the operating frequency. As MNG has been used as the metamaterial for the design the modified version of (1) derived by Mahdy et al. [8] has been used
The design algorithm takes µ 1 , 1 , L p , 2 , f r as input. Then it checks if the given parameters satisfy the range of k 1 ηL p and if they satisfy the dispersion equation (2), then it gives possible solutions for η and µ 2 . This equation does not take the width of the antenna into consideration. Typically the two radiating slot of rectangular patch antenna is the side of the antenna located along the width and the width is smaller than the length. But in this research work, a larger width has been considered. A large number of designs have been experimented in CST Microwave Studio software and considerable change in the phase sequence of electric field in the radiating slot have been identified. Choosing the input parameters for the algorithm is also an important factor. For the proposed design a rule of thumb based on some assumptions has been followed. First certain values for the permittivity 1 = 4.4 and permeability µ 1 = 1 and total length L p = 25mm have been chosen. A simple rectangular patch antenna with only DPS material with the chosen values was designed at first. This design does not have any real significance as it has only been designed to find the resonance frequencies. The width of the antenna was chosen two times the size of the length, 50 mm. The S-parameter of the designed antenna with only DPS substrate is shown in Fig.  2 . The first two resonances have been at 2.648 GHz and 5.4894 GHz. Next an intermediate frequency was chosen for the input parameter f r = 3.7 of the algorithm. Now using µ 1 , 1 ,L p ,f r , and a suitable value for 2 the output η and µ 2 was derived. Negative permeability for MNG metamaterial µ 2 has been implemented using Lorentz model.
Here, µ 2r = µ2(at fr) µ0
. Smaller value for ω 0 = 3.4 × 10 9 × 2π than ω = 3.7 × 10 9 × 2π has been considered [10] . The value of µ s (static permeability) and δ(damping f requency) has been chosen 1 and 50 MHz for the Lorentz model for metamaterial [10] . Then using back calculation and ignoring the imaginary part of (3) 
All the parameters presumed and calculated are mentioned in table 1. Based on the assumptions and calculations for antenna parameters, a rectangular microstrip patch antenna with DPS and MNG juxtaposed substrate has been simulated in CST software. The S-parameter of the design is shown in Fig. 3 . A resonant frequency of 3.7 GHz has been chosen which is in between the two resonant frequencies for only DPS substrate in order to experiment the effects of higher mode rather than the dominant mode. The proposed design has the first resonance at 3.6584 GHz, which is the dominant frequency. The second dominant mode has been found at 5.3027 GHz, which has been shifted away from the presumed resonant frequency (f r ) because of the shifting property. The S-parameter shows that it has acceptable return loss value of -18.288 dB for 3.658 GHz and -15.2262 dB for 5.3017 GHz. Fig. 4 , illustrate the 3-D and polar radiation pattern for the frequency of 3.658 GHz. It can be seen that it has a gain of 7.5 dB and the main lobe has a 0 degree-shift which gives a perfect broadside radiation pattern. The beamwidth is 55.2 degree, so the proposed antenna also has a good performance in terms of directivity. Another positive part for the radiation pattern for 3.658 GHz is that the side lobe level is -13.8 dB, which is very low. Fig. 5 . demonstrate the radiation pattern for the frequency of 5.3017 GHz where bi-directional radiation pattern for 5.3017 GHz has been achieved. At this frequency the radiation pattern has two main lobes, both having very high gain of 5.14 dB and 5.03 dB. The lobes are almost identical in all aspects while radiating directly opposite to each other in the elevation plane. The beamwidth is 44.5 degree for both the lobes. Normally side lobes with larger gain are considered as wastage of radiation because they cause the antenna to radiate some portion of the total power in unwanted direction resulting in low gain for a particular direction. Therefore, for this frequency the antenna can transmit simultaneously in two directions as it has same gain. If it is designed properly and used in suitable application the power loss factor can be traded off with the dual radiation pattern. 
IV. CONCLUSION
In this paper, a design for rectangular microstrip patch antenna loaded with metamaterial has been proposed which not only supports dual band configuration but also has two different types of radiation pattern for two resonant frequency. The dimension of the proposed antenna is 25 mm×50 mm, which can be considered as electrically small in size compared to antennas with normal FR4 substrate. For the dominant mode, the antenna has normal broadside radiation pattern while for the second resonant frequency it has bi-directional radiation pattern. For one resonant frequency we have a broadside radiation pattern and for another frequency the proposed design radiates with almost equal directivity and gain in two direction simultaneously. Therefore, this design can be used to improve object tracking and detection and such other applications. The features of the proposed design mentioned above can enhance the performance of microstrip planner antennas in different applications and bring potential positive changes in the field of communication.
